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Jin, H., An, N.*, Jia, Q., Shao, C,, Ma X., &Zhou J.* (2025). Chinese Journal of Aeronautics, 103530. 7
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An, N.*, et al. 2022. Materials & Design, 219, p.110754.
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Yue, X., Guo, R., An, N.*, & Zhou, J.* (2025). International Journal of Solids and Structures, 308, 113154.

T T T
0.07 +=(a) - === Exp._NASA-LaRC_2021|
s ==== Sim._VEmodel_2022
0.06 e Sim. T
after Stowed
‘T’\ 0.05 + before Deploy )
£
0.04 1
T b R
= h
®0.034 1 1
g i
U
a ] after Deploy )
0.02 E before Recovery
b
0.01 4 after Recovery
000 - A o S m----- - - - -
T T T T T T
22000 23000 24000 25000 26000 27000 28000 29000
time(s)
1.010 T T T T
(c)
1.005 -
o 1.0004 <o il
§ after Fold
= 0.995 1 before Stowed i
§ 0.990 o
[] after Stowed
g 0.985 + before Deploy 0
£ Am b4 e
0.980 Ao 1&
2 5] P {
(0] [ I 4
N 0.975 ‘ .V vy v ]
© = Exp.1 = A ® "e "o
£ 0.970+ A a 1
= ® Exp.2 " e 4 A
€ 0954 A Exp.3 o
09604 ¥ Exp4 i
0.955 T T T T
5000 10000 15000 20000
time(s)

~0.010 4

£
0.008- %

0.014

0.012 A

(b)

T T

~=== Exp._NASA-LaRC_2021
-=== Sim._VEmodel_2022
—Sim. =

-----

curvature(mm’'
o
P
S
1
,
’ ’
\
'
’
\ [}
1]
]
'

]
0.004 ~ E shape recovery 7
1
0.002 : permanent deformation -
.
Y O O S S e Sl dotstoi s eldnticd o —
T T T T T T T
22000 23000 24000 25000 26000 27000 28000 29000
time(s)
0.020 T T T T T
0.018 stowed time: ]
e ) hOUrS == +2 hours
0.016 = = 4hours= =6 hours |
~ 0014 == = 30 days= = =365 days| |
E 0.012 e
D
é 0.010 E
©
2 0.008 E
3
o
0.006 4
0.004 - A
0.002 - E
(d)
0000 T T T T T T
0 2000 4000 6000 8000 10000

recovery time(s)

17



| SSIHZREDFESR

o | %%

SICHUAN UNIVERSITY

> BRFERE- BTN

(b)

T
)
b

o
=2

B!

,
77
o

Loz

A
\
\\

2o o T
s TR
/LT 7D

— anisotropic viscoelasto-plasticity

B :anisotropic elasticity (fiber)

(unidirectional fiber yarn)

isotropic viscoelasto-plasticity (matrix) isotropic viscoelasto-plasticity (matrix)

(‘2_ d fiber Lpa S riatrix CBT for
Xp. data ¥ composite laminates
calib.) ’ -
calc. : Py
Mat. Para. matrix — fiber yarn —> woven composite lamina verification
+
3D-isoVEP-UMAT | |
Model for polymer matrix 1
3D-anisoVEP-UMAT | 2D-anisoVEP-UMAT *composite shell
*Elasticin ABAQUS for fiber yarn i for woven composite lamina in ABAQUS
l b
1st homo. 2nd homo.
Num. Homo. by micl?o"-‘I:VE by meso-RVE

Yue, X., Guo, R., An, N.*, Jin, H. & Zhou, J.* (2025). Submitted.

half boom height(mm)

40 -

35

30 +

25

20 -

15

10 -

!' detailed \

' —— inital shape

= = = start of recovery| '
after 30days

/

boom width(mm)

18



BRNFEMH

w | £ %

SICHUAN UNIVERSITY

o

Vol. 30 « No. 6 « February 5 « 2020

maimiorsie AFYTANCED

3

o

|
e |

Nominal Stress, S [MPa]
=) =)
= [}

o
=]

N

I ICRCICIC
AR
LILILILY
LR
g I IEIETE
B R HE R

9. 8 09

=

—
S}

Nominal Stress, S [MPa]
o =)
— o0

o
=]

8
o

o

o

Nominal Stress, S [MPa]
=) =)
=N oo

o
=}

Wi LE Y-VCH

An, N., ..., Rafsanjani, A.* and Bertoldi, K.*, 2020. Advanced Functional Materials, 30(6), p.1906711.

5,/1
-0.15

0.0525 = ===

EXP FE

—_—

1

0.0

0.1

" 1 1 "
0.2 0.3 0.4

Nominal Strain, €

8,/1

0,0525":.0075 ==t

-0.15

8,/ EXP FE

0.0525 —— ===

1 1 L

A A A A 1 A
0.0 0.1 02 03 04 05
Nominal Strain, €

8,/l &,/l EXP FE
0.0525 0075 — ===
F0.15 00525 =—— ===
1 1 1 1
0.0 0.1 02 03 04 05

Nominal Strain, &

8,/1=0.15

y =0° §,/l = 0.0525 §,/1l = 0.075
&= O.f}S ‘

: £ =0.35
,'"\‘uvi
S |
Jisid
# oke
14344
Doy
y =90° 6, /1 = 0.0525 §,/l= 0075 y=90°&,/l=0158,/l =1
£ =|0.45
e=01  pOI9; ¢ ‘
=7 3| bios s X0
T e 88 o
:—#‘_ 0eVe I ;.-}I'{“ ! : )
el 2523 Biss 00 AT are e o TaTates
it Sasogits % ' i’%&‘{f{fﬁ{fg "
R ot e % 2 i!{i’iqflj 3 ﬁﬁﬁfl" *“7 (3
| Tololsls s s e eis e e oid

19



I B3t/ IR R DB RA

20 -1.0 0.0 2.0 4.0

,(mm] I

An, N., Li, M.*, & Zhou, J. (2020). International Journal of Mechanical Sciences, 180, 105753. 20



N | A%

«/>/ SICHUAN UNIVERSITY

I ERBHEEA

VOLUME 7 « NUMBER 4 - AUGUST 2020 I1SSN 21695172

Robotics

"16-1-/ Asse Liddert, lse. ‘f"«-ai-xﬁbu

www.liebertpub.com/SoRo

Xie, Z.#, Domel, A.G.#, An, N., ..., Bertoldi, K.* and Wen, L.*, 2020. Soft robotics, 7(5), pp.639-648. 21



I ERIBHNERA (VBetikd

Finger bending

Octopus tentacles

!

Programmable shape

10 cm

Pu, Y., Zheng, S., Hu, X., Tang, S., and An, N.* 2024. Materials & Design, , 246, 113334. 22



w | £ %

SICHUAN UNIVERSITY

I RN ARFZE

FEM: § POD-RBF: §° cqn,  Difference: =l x100%
Niises {MPa)
0.7

Physical Model Digital Twin o7

0.49

Error (%)

0.4
032
0.24
0.16
0.08
0

Error (%)

02
0.16
0.12
0.08
0.04
0

0.42
0.35
0.28
021
0.14
0.07
0

[ Visualization ]
H FEM: U POD-RBF: U*

Displacement
U {mm)

Deformation

Digital

.
Pressure o
Stress o
Displacement
15£m
“\
Pressure Inout Outout Contact Force
. npu POD-RBF as upu 2
S. Stress S
SllITOgate MOdel FEM:§. F POD-RBF: §°. F* M‘“’(r_‘dpu) Differcncc:ls_gs le(lll"/o
/ Error (%)
s :

/ (1) (1) (iii)
FE Simulation  Parameter Variations POD Reduced-Order Model

L T

F=0.54N Displacement Error(F) = 9-26A)[ )

U (mm)

Difference: -l x100% & 035

A _U — 0.264

— 0.176

i +| i i
il

-
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§ Join us

 MAZEM: https://www.anning.me
« WERF
- HEFHPFE: anning@scu.edu.cn

*+ US/FHL: 18709238367, TT

T AEIFEFAZIRA?
> mONSIXKE, MEURIESFIE,
> ZENBARE, MENSIEIRZATIR,

> QTSR R TRENAMREERLa T EAR.

. https://github.com/Dr-Ning-An
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